overweight and obesity based on the WHO and CDC growth curves, and to compare the sensitivity and specificity of these definitions in detecting cardiometabolic risk.
Methods
We used the study population from the Québec Child and Adolescent Health and Social Survey (QCAHS) for our analysis. The full details of the study and its data collection have been previously published. 16 Briefly, the survey was a crosssectional, multistage, stratified, representative sample of young people aged 9, 13 and 16 years in the province of Quebec in 1999. Children from very remote areas, small schools or specialty schools (e.g., schools primarily serving children with disabilities or native/Aboriginal populations) were excluded (< 3% of the target population). The sampling frame consisted of three levels of clustered data: regional clusters, schools clustered within regions and students clustered within schools. Independent samples were selected within each age group from each school. The study was approved by the ethics committees of the Institut de la Statistique du Québec, the Ministère de l'Education du Québec and the Centre Hospitalier Universitaire Sainte-Justine. In formed consent and assent were provided by parents and participating children.
Cardiometabolic measures
We collected fasting venous blood samples between 8 am and 10 am, which we placed on ice until analysis. We centrifuged the samples within 45 minutes of collection, transported them on dry ice and stored them at -80°C. We analyzed the samples for total cholesterol, highdensity lipoprotein (HDL) cholesterol, triglyceride and glucose levels. All analyses were done at the Department of Clinical Biochemistry at Sainte-Justine using the standardized guidelines of the International Federation of Clinical Chemistry. 17, 18 We calculated the level of low-density lipoprotein (LDL) cholesterol using the Friedewald equation. 19 We measured insulin levels using the ultrasensitive insulin kit on the Access immunoassay system. We measured participants' systolic and diastolic blood pressures after a 5-minute rest and at least 30 minutes after a light meal, according to standardized procedures. 20 We used the mean of the last two of three consecutive measurements of blood pressure taken at one-minute intervals for our analysis.
We categorized the levels of lipids and metabolic risk factors as either normal or un favourable (borderline and high) according to pediatric cut-off values from the American Heart Association and the American Academy of Pediatrics. 21 However, because there are no specific recommendations for HDL cholesterol or triglycerides, we categorized them as recommended in the literature. 22 We defined unfavourable lipid levels as a total cholesterol level of 4.4 mmol/L or more, an HDL cholesterol level of less than 1.0 mmol/L, an LDL cholesterol level of 2.6 mmol/L or more, and triglyceride levels of 1.7 mmol/L or more. We defined unfavourable metabolic factors as an insulin level of 38 pmol/L or more for children aged 9 years, or 60 pmol/L or more for children aged 13 and 16 years, and a blood glucose level of 5.6 mmol/L or more. We defined unfavourable blood pressure as at or above the 90th percentile for age-, sex-and height-adjusted blood pressure according to the National High Blood Pressure Education Program.
23

Anthropometric measures
We measured the weight and height of each participant twice using a calibrated spring scale (weight) and standard measuring tape (height). Participants wore light, indoor clothing and no shoes while their measurements were taken. If we saw a difference in weight of 0.2 kg or more, or a difference in height of 0.5 cm or more, a third measurement was taken. We used the average of the two closest measurements for our analysis. We calculated BMI using the standard formula (weight/height 2 , where weight is measured in kilograms, and height is measured in metres). Using the CDC growth curves, overweight is defined as a BMI at or above the 85th percentile and below the 95th percentile, and obesity is defined as a BMI at or above the 95th percentile. 12 Using the WHO growth curves, overweight is defined as a BMI at or above the 85th percentile and below the 97.7th percentile, and obesity is defined as a BMI at or above the 97.7th percentile.
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Statistical analysis
We stratified all analyses by sex. We used unadjusted models with no adjustment for covariates to assess the areas under the curves for continuous BMI percentiles, continuous BMI z scores, separate binary categories for overweight and obese, and a single binary category for overweight or obese. Our results were consistent across all parameters of BMI, thus the areas under the curves from continuous BMI percentiles are uniformly presented. The area under the curve can be interpreted as the probability of a child's BMI percentile accurately detecting a normal or unfavourable level of risk: an area under the curve of 0.50 is considered uninformative and detecting cardiometabolic risk factors no better than chance; an area under the curve greater than 0.80 is considered good. 24, 25 Because the effects of obesity on cardiometabolic risk may vary between people, we also assessed the ability of the growth curves to detect any single, any cluster of two, or three or more (v. none) unfavourable factors from among HDL cholesterol, LDL cholesterol, triglycerides, systolic and diastolic blood pressure, glucose and insulin. We excluded total cholesterol owing to its high correlation with LDL cholesterol.
We used kappa coefficients to determine the level of agreement between the two growth curves, and the Youden index to identify the optimal sex -specific cut-offs for BMI percentile for cardiometabolic abnormalities. 26 We identified the sensitivities and specificities of the CDC and WHO definitions for detecting unfavourable levels of cardiovascular risk factors as acceptable if they were higher than 70%. 24 All analyses accounted for the nonindependence between observations: we analyzed descriptive characteristics using paired t tests and Friedman tests; the areas under the receiver operating characteristic curves incorporated a smaller standard error; we tested the sensitivity and specificity be tween growth curves using the McNemar χ 2 test; and we calculated confidence intervals for the differences using a continuity correction. [27] [28] [29] [30] We used SAS software to create receiver operating characteristic curves, but we compared them using a macro avail able online ( www .medicine .mcgill .ca /epidemiology /hanley /software /delong _sas .html).
27,28
Results
Of the 4643 participants in the study, 2475 provided blood samples, blood pressure and anthropometric measures, and were included in this analysis. Nine-year-old English-speaking children and very physically active 16-year-old children were less likely to provide blood samples (data not shown). Although nonparticipants had a lower mean BMI than participants (19.7 v. 20.2, p = 0.001), their BMI percentiles and z scores were similar, and no other statistically significant differences were noted between the
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CMAJ, July 10, 2012, 184(10) two groups. In addition, we excluded nine participants for whom height and/or weight data were missing, resulting in a final sample size of 2466 children. Our sample included 1204 boys (381 were 9 years old, 416 were 13 years old, 407 were 16 years old) and 1262 girls (398 were 9 years old, 400 were 13 years old, 464 were 16 years old). The descriptive characteristics and cardiometabolic profile of this population have been previously published and are briefly presented in Tables 1 and 2. 16, 22 We noted sex differences in cardiometabolic risk factors -fewer boys had unfavourable total cholesterol and insulin levels compared with girls of the same age, and fewer girls had unfavourable blood glucose levels compared with boys of the same age ( Table 2 ). Regardless of sex or age, our estimates of the prevalence of unfavourable total cholesterol, LDL cholesterol and insulin levels were 20%-30%; we estimated the prevalence of unfavourable triglyceride level to be less than 10%. The mean BMI percentiles and BMI z scores as calculated using the WHO growth curves were significantly higher than those calculated using the CDC growth curves ( Table 3 ).
The areas under the curves ranged from uninformative (0.42) to good (0.89), and were generally better able to detect unfavourable cardiometabolic factors with low prevalence such as triglyceride and HDL cholesterol levels, diastolic blood pressure, or clusters of three or more cardiometabolic risk factors (Table 4) . We noted differences across sex and age: although the areas under the curves for unfavourable triglyceride levels among boys were greater than 0.80, they were less than 0.65 for 13-and 16-year-old girls, and the areas under the curves were generally larger for younger age groups. Our results were unchanged when we reanalyzed the data using the definitions of the American Academy of Pediatrics for high total cholesterol (≥ 5.2 mmol/L) and LDL cholesterol (≥ 3.4 mmol/L) levels (data not shown). The areas under the curves were not significantly different from one another (all p > 0.05). Our results were un changed when we compared the WHO and CDC definitions of overweight and obese (data not shown).
The Youden index showed a wide range of cut-offs for optimal BMI percentiles based on the cardiometabolic risk factors of interest (Table 5) , most of which were lower than the Research CMAJ, July 10, 2012, 184(10) E543 Note: BMI = body mass index, CDC = Centers for Disease Control and Prevention, SD = standard deviation, WHO = World Health Organization. *Distance (measured in standard deviations) from the mean BMI of children of the same age and sex. †Percentages may not add up to 100% owing to rounding. CDC and WHO both define underweight as BMI < 5th percentile and normal as at or above the 5th percentile and below the 85th percentile. CDC defines overweight as a BMI at or above the 85th percentile and below the 95th percentile, and obese as BMI ≥ 95th percentile. WHO defines overweight as at or above the 85th percentile and below the 97.7th percentile, and obese as BMI ≥ 97.7th percentile.
standard cut-offs used by either the WHO or the CDC for defining overweight and obesity. In general, the ability of BMI percentiles calculated using the WHO and CDC growth curves to discriminate unfavourable levels of cardiometabolic risk factors did not significantly differ from one
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CMAJ, July 10, 2012, 184(10) Note: BMI = body mass index, CDC = Centers for Disease Control and Prevention, HDL = high-density lipoprotein, LDL = low-density lipoprotein, WHO = World Health Organization. *Reported p values are for the differences in the discriminative ability between the CDC and WHO growth curves using a continuity correction to account for the non-independence of the observations. †Unfavourable blood pressure ≥ 90th percentile for age, height and sex as defined by the National High Blood Pressure Education Program. ‡There were too few cases of unfavourable diastolic blood pressure (≥ 90th percentile) for 9-year-old girls and 13-year-old boys to calculate areas under the curve. §Insulin ≥ 38 pmol/L (9-year-olds) or ≥ 60 pmol/L (13-and 16-year-olds). ¶Versus no abnormalities. Missing values were assumed to be normal.
another. This was true whether the areas under the curves were good or uninformative (Figure 1) . Furthermore, although the differences in the areas under the curves between the WHO and CDC growth curves were marginally statistically significant for systolic blood pressure and Note: BMI = body mass index, CDC = Centers for Disease Control and Prevention, HDL = high-density lipoprotein, LDL = low-density lipoprotein, WHO = World Health Organization. *≥ 90th percentile for age, height and sex as defined by the National High Blood Pressure Education Program. †There were too few cases of unfavourable diastolic blood pressure (≥ 90th percentile) for 9-year-old girls and 13-year-old boys to calculate optimal BMI percentile cut-offs.
‡Insulin ≥ 38 pmol/L (9-year-olds) or ≥ 60 pmol/L (13-and 16-year-olds). §Versus no abnormalities. Missing values were assumed to be normal. ‡There were too few cases of unfavourable diastolic blood pressure (≥ 90th percentile for age, height and sex as defined by the National High Blood Pressure Education Program) for boys, and sensitivity/specificity were not calculated. ¶Versus no abnormalities.
HDL cholesterol and triglyceride levels, they were not clinically meaningful. Although the areas under the curves of the CDC and WHO growth curves were very similar, the sensitivity of the WHO-defined classification of overweight (compared with underweight or normal) was significantly higher than the CDC classification for many risk factors (Table 6 ). However, these improvements were small and ranged from 2.3% (95% confidence interval [CI] 0.3%-3.2%) to 8.6% (95% CI 5.6%-9.6%) for boys who were overweight, and from 0.6% (95% CI 0.1%-0.8%) to 6.0% (95% CI 1.2%-6.7%) for girls who were overweight. None met our acceptable sensitivity threshold of 70% (data not shown). The sensitivities of the obese classification were not significantly different between growth curves, and none met our ac ceptable sensitivity threshold. Both the CDC and WHO classifications of overweight and obese had acceptable specificities (> 70%), although the specificities for the overweight classification as defined using the CDC growth curves were significantly higher than the specificities for the category as defined by the WHO. However, this improvement in specificity was small and ranged from 3.3% (95% CI 3.0%-4.0%) to 4.2% (95% CI 4.1%-4.9%) for boys who were overweight and from 2.6% (95% CI 1.2%-3%) to 3.5% (95% CI 2.4%-3.7%) for girls who were overweight (data not shown). All kappa coefficients for sensitivity and specificity were greater than 75%, suggesting good agreement between growth curves.
Interpretation
Although a given height and weight corresponds to different BMI percentiles on the CDC and WHO growth curves, the associations between BMI and cardiometabolic risk factors do not differ. This lack of difference is likely because most, but not all, of the data used to construct the CDC and WHO growth curves were drawn from the same reference populations. 12, 13 The American Heart Association and the American Academy of Pediatrics recommend lipid screening among young people who are overweight. 7, 8 Among the participants of our study, the WHO definition of overweight showed narrowly improved sensitivity over the CDC definition. Despite different percentile cut-offs for overweight and obese, both growth curves had specificities of more than 80%, but sensitivities of less than 50%. Thus, using overweight status to identify children with cardiometabolic risk will do so correctly among those who are overweight, but will poorly detect risk among those whose weight is classified as normal. The "optimal" BMI percentiles for detecting cardiometabolic risk covered a wide range, and the ability of BMI to predict risk among the participants in our study varied according to the specific cardiometabolic risk factors of interest.
Limitations
The CDC and WHO growth curves use BMI to measure fat mass, rather than dual-energy x-ray absorptiometry, which is commonly viewed as the gold standard. However, BMI is noninvasive, inexpensive and well-validated for detecting cardiometabolic risk among young people. 31, 32 Previous studies suggest that the largest differences in z scores between the CDC and WHO growth curves occur among young people with a BMI z score of more than three standard deviations from the mean, but we could not assess this owing to the limited size of our sample.
We used data from a 1999 study involving 9-, 13-and 16-year-old children from Quebec, which may not be representative of other age groups or regions in Canada. However, our areas under the curves are similar to those reported in the Bogalusa Heart Study using CDC growth curves to assess a cohort of 5-to 17-year-old children from Louisiana. 33 Because the intent of the QCAHS was to obtain a representative sample of children before, during and after the onset of puberty, our results may apply to adolescents of all ages.
Our study focuses on the present-day clinical impact of moving from one set of growth curves to another, but we cannot assess the ability of the growth curves to predict cardiovascular outcomes in adulthood. We did not collect data on the causes of cardiometabolic abnormalities such as hereditary dyslipidemia, but the impact on our results is likely small owing to the infrequency of such conditions. Finally, we did not collect data on other surrogate measures of adiposity, such as waist circumference, and we cannot compare the relative utility of adding these measures to our analyses. How ever, there is no consensus on guidelines for waist circumference for young people. Furthermore, other surrogate measures have been found to be more prone to measurement error than height and weight, while only contributing minimal additional information to BMI.
34,35
Conclusion
The WHO growth curves are recommended for monitoring growth in 5-to 19-year-old children because they use older data that precede the obesity epidemic, and they allow a smooth transition from the WHO growth curves recommended for monitoring growth in children aged 0-5 years.
14 However, our results suggest that the WHO growth curves do not add any discriminatory advantage over the CDC standards currently used in practice for the detection of cardiometabolic abnormalities among children aged 9-16 years.
